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FO
R

E
W

O
R

D
M

athem
aticians, scientists and educators com

-
bined their talents to produce the 29 sequential
units that m

ake up the M
IN

N
E

M
A

ST
 C

urriculum
.

T
hey have coordinated the teaching of m

athem
at-

ics w
ith the teaching of science in kindergarten

and the prim
ary grades.

T
his coordinated curriculum

 provides a firm
 foun-

dation on w
hich the children can build as they

follow
 other m

athem
atics and science non-coor-

dinated curricula in fourth grade and later. W
e

place special em
phasis on the actual handling of

m
aterials, by the students, w

hich leads to a fun-
dam

ental understanding of concepts, as opposed
to rote learning.

T
hrough actual experience the

children see how
 m

ath and science serve each
other and how

 closely interrelated they are. W
e

think that m
athem

atics and science taught as to-
tally unrelated subjects cannot provide as good
a preparation as w

ith this approach.

If your school or your district is not presently
em

ploying the M
IN

N
E

M
A

ST
 C

urriculum
, w

e heart-
ily invite and encourage you to exam

ine it and to
consider its adoption.

A
 pam

phlet, Q
uestions

and A
nsw

ers about M
IN

N
E

M
A

ST
, and a price list

w
ill be sent free upon request.

O
ur O

verview
,

w
hich provides an illustrated description of the

contents of each unit and our auxiliary books, is
obtainable at m

odest cost.
Y

ou w
ill find the

O
verview

 very helpful; 1,ve'think, in any prelim
i-

nary investigation of our m
aterials.

A
ny of our

publications m
ay be purchased singly. M

any are
useful and rew

arding at levels other than those
indicated in our sequential arrangem

ent.



C
O

N
T

E
N

T
S

,

M
innem

ast Publications
2

Purpose of this B
ooklet

4

C
hart of C

oncepts and Skills D
eveloped

by M
innem

ast
8

M
athem

atics T
ransitional Statem

ent

M
innem

ast,M
athem

atics Skills and C
oncepts

28

Science T
ransitional Statem

ent
33

C
hart of T

hreads that R
un T

hrough
the M

innem
ast C

urriculum
48

K
eeping C

urrent
50



M
IN

N
IM

A
S

T

Z
.

§-a
c

yHO
G

20

/11011

C
O

O
R

D
IN

A
T

E
D

 M
A

T
H

E
M

A
T

IC
S

-S
C

IE
N

C
E

 S
E

R
IE

S

I .
W

A
T

C
H

IN
G

 A
N

D
 W

O
N

D
E

R
IN

G

2.
-C

U
R

V
E

S.A
N

D
 SH

A
PE

S

3.
D

E
SC

R
IB

IN
G

 A
N

D
 C

L
A

SSIFY
IN

G

4.
U

SIN
G

-O
U

R
- SE

N
SE

S

5.
IN

T
R

O
D

U
C

IN
G

 M
E

A
SU

R
E

M
E

N
T

6.
N

U
M

E
R

A
T

IO
N

7.
IN

T
R

O
D

U
C

IN
G

 SY
M

M
E

T
R

Y

8.
O

B
SE

R
V

IN
G

 PR
O

PE
R

T
IE

S

9.
.N

U
M

B
E

R
S A

N
D

 C
O

U
N

T
IN

G

10.
D

E
SC

R
IB

IN
G

 L
O

C
A

T
IO

N
S

11.
IN

T
R

O
D

U
C

IN
G

 A
D

D
IT

IO
N

 A
N

D
 SU

B
T

R
A

C
T

IO
N

12.
M

E
A

SU
R

E
M

E
N

T
 W

IT
H

 R
E

FE
R

E
N

C
E

. U
N

IT
S

13.
IN

T
E

R
PR

E
T

A
T

IO
N

S O
F A

D
D

IT
IO

N
 A

N
D

 SU
B

T
R

A
C

T
IO

N

I4.
E

X
PL

O
R

IN
G

 SY
M

M
E

T
R

IC
A

L
 PA

T
T

E
R

N
S

15.
IN

V
E

ST
IG

A
T

IN
G

 SY
ST

E
M

S

16.
N

U
M

B
E

R
S A

N
D

 .M
 E

A
SU

 R
IN

G

17.
IN

T
R

O
D

U
C

IN
G

 M
U

L
T

IPL
IC

A
T

IO
N

 A
N

D
 D

IV
ISIO

N

18.
SC

A
L

IN
G

 A
N

D
 R

E
PR

E
SE

N
T

A
T

IO
N

I9.
C

O
M

PA
R

IN
G

 C
H

A
N

G
E

S

20.
U

SIN
G

 L
A

R
G

E
R

 N
U

M
B

E
R

S
21.

A
N

G
L

E
S A

 N
D

spA
cr- -----

22.
PA

R
T

S A
N

D
 PIE

C
E

S

23.
C

O
N

D
IT

IO
N

S A
FFE

C
T

IN
G

 L
IFE

24.
1

C
H

A
N

G
E

 A
N

D
 C

A
L

C
U

L
A

T
IO

N
S

25.
'M

U
L

T
IPL

IC
A

T
IO

N
 A

N
D

 M
O

T
IO

N

26,
W

H
A

T
 A

R
E

 T
H

IN
G

S M
A

D
E

 O
F?

27.
N

U
M

B
E

R
S A

N
D

 T
H

E
IR

 PR
O

PE
R

T
IE

S

28.
M

A
PPIN

G
 T

H
E

 G
L

O
B

E

29.
N

A
T

U
R

A
L

 SY
ST

E
M

S



O
T

H
E

R
 M

IN
N

E
M

A
ST

 PU
B

L
IC

A
T

IO
N

S

T
he 29 coordinated units and several other publications

are available from
 M

IN
N

E
M

A
ST

 on order.
O

ther publications include:

ST
U

D
E

N
T

 M
A

N
U

A
L

S for G
rades

I
,

2 and 3, and
printed T

E
A

C
H

IN
G

 A
ID

S for K
indergarten and G

rade I.

L
IV

IN
G

 T
H

IN
G

S IN
 FIE

L
D

 A
N

D
 C

L
A

SSR
O

O
M

(M
IN

N
E

M
A

ST
 H

andbook for all grades)

A
D

V
E

N
T

U
R

E
S tlq SC

IE
N

C
E

 A
N

D
 M

A
T

H
(H

istorical stories for teacher or student)

Q
U

E
ST

IO
N

S A
N

D
 A

N
SW

E
R

S A
B

O
U

T
.M

IN
N

E
M

A
ST

Sent free w
ith price list on request

O
V

E
R

V
IE

W
(D

escription of content o2 each publication)
.

M
IN

N
E

M
A

ST
 R

E
C

O
M

M
E

N
D

A
T

IO
N

S FO
R

 SC
IE

N
C

E
 A

N
D

 M
A

T
H

IN
 T

H
E

 IN
T

E
R

M
E

D
IA

T
E

 G
R

A
D

E
S

(Suggestions for program
s to succeed the M

IN
N

E
M

A
ST

 C
urriculum

 In G
rades

4, 5 and 6)

For additional inform
ation, a price list and orders, w

rite to:

M
IN

N
E

N
IA

ST
 D

irector
N

linneniath C
enter -

720 W
ashington A

ve. S. E
.

M
inneapolis, M

innesota 55414



PU
R

PO
SE

 O
F T

H
IS B

O
O

K
L

E
T

4

M
,any thousands of children

are studying or have
studied science and m

ath
via the M

IN
N

E
M

A
ST

C
oordinate K

-3 C
urriculum

.
M

any m
ore w

ill be
entering

ur program
 in the future.

W
e have had

num
erus requests from

 educators
interested in

cong/nuing M
IN

N
E

M
A

ST
objectives and techniques'

thiough the
interm

ediate grades for sugge'stions
concerning m

aterials
w

e think appropriate.
T

he
M

IN
N

E
M

A
ST

 staff, too,
is m

uch concerned
w

ith
the kind of science and

m
ath education thatM

IN
-

N
E

M
A

ST
 children w

ill
receive in G

rades 4, 5 and
6. W

e should like
to see the positive

attitudes
tow

ard science and m
ath

that- the children
acquire

in our program
 continue

to grow
. W

e should also
like to see the special

concepts and skills the
children develop by the

end of G
rade 3 putto ad-

vantageous use in the next
grades. W

e believe
that the interm

ediate
grades offer greatopportuni-

ties
C

T
J

for the application of
our chidren's skills.

For these reasons, staff
m

em
bers have ecam

ined
all of the leading

science and m
ath

curricula
(both project and

com
m

ercial) for the
interm

ediate
grades.

B
ecause M

IN
N

E
M

A
ST

is-trraque
in cdordinating

sciencre-alid-M
ath,

w
e found no single curriculum

that fulfilled
by itself all of.the

M
IN

N
E

M
A

ST
requirem

ents; but neither did
w

e see any particu
lar problem

s in sw
itching

to non-coordinated
m

a-
terials for G

rades 4,
5 and 6.

In fact, w
e feel

that our program
 gives

children, in these
m

ost
Im

portant early years,
a better preparation for the

m
ore difficult w

ork of the
interm

ediate grades than
can be provided by

non-coordinated m
aterials.



In this booklet the authors
suggest a num

ber of
alternatives for the continuing

education of M
IN

-
N

E
M

A
ST

 children.
O

ur suggestions are intended
to be helpful rather than dogm

atic.
C

urricula not
m

entioned by us m
ay

prove to be m
ore suitable

for certain local conditions,
and educators are

encourageeto survey other
m

aterials for them
-

selves to see if this
m

ay be so.
A

lso, our fail-
ure to m

ention any. particular curriculum
is by no

m
eans to be'interpreted

as a criticism
 of it.

W
e

are m
erelypresenting here, foryourconsideration,

recom
m

el? ations of m
aterials thatseem

 to be ad-
equate s a`cessors to our curriculum

.

T
o m

ake clear the criteria
by w

hich M
IN

N
E

M
A

ST
staff m

em
bers m

ade their
selections, w

e present
first a short sum

m
ary of the

project's objectives,
techniqU

es and curriculum
.

T
he M

innesota M
athem

atics
and Science T

eaching
Project (M

IN
N

E
M

A
ST

) is the only
m

ajor project
established for the express

purpose of coordinating
the teaching of science and

the teaching of m
ath-

em
atics in the elem

entary grades.
In recent years

the N
ational Science

Foundation has provided the
funds. T

he result is
a curriculum

 of 29 units
ex-

tending from
 K

indergarten
through G

rade 3.
In

addition to the teaching units,
Student M

anuals
have been provided for G

rades
I ,

2 and 3.
For

K
indergarten and G

rade 1, various
printed T

eacher
A

ids have also been prepared.
(M

any school
system

s have no kindergarten
classes.

In these
cases, the teachers select key lessons

from
 the

kindergarten m
aterials to

present at the beginning
5



6

of the first grade.
B

ecause of the greater m
atu-

rity of first graders, the kindergarten lessons
are

quickly m
astered.) W

e have also published tw
o

auxiliary books:
(I) L

iving T
hings in Field and

C
lassroom

 is useful at all elem
entary le'vels; and

(2) A
diientures in Science and M

ath
can be used

by both, teacher and student at different levels to
provide m

otivation and, enrichm
ent.

T
he principal aim

s of the M
IN

N
E

M
A

ST
Project are:

to develop com
petency in both m

athem
atics

and science,

to provide experiences that involve the stu-
dents in challenging and interesting problem

-
solving situations,, and
to provide settings that enable the children

to
explore, discover and clarify the. relationships
betw

z:en M
athem

atics and science
w

herever
feasible.

W
hy coordinate m

athem
atics and science?

T
here are m

any natural bridges betw
eenm

athe-
m

atics and science. In fact, the science that
w

e
.know

 and w
ish to com

m
unicate to children

today
w

ould not even exist w
ithout the clarification

and
precision that m

athem
atics provides.

A
nd m

uch
theoretical science has evolved,in a sense, from
branches of applied m

athem
atics

. T
he dependence

of m
athem

atics on science is
not so explicit, for

m
athem

atics in its purest form
 is basically inde-



pendent of science. H
ow

ever, the rhany discov-
eries and dem

ands for quantification in the vari-
ous sciences provide a great im

petus to the ad-
vancem

ent of m
athem

atics.
B

ecause of these
valid relations betw

een the tw
o disciplines,

pro-
ject planners and w

riters believe that
an early

coordinated approach helps children
see the in-

terrelationships and develop a stronger and deeper
understanding of both fields of study. W

e
also

believe that this coordination leads to
an earlier

appreciation of the principles
on w

hich the w
orld

operates, enabling children to understand, and
som

etim
es even predict, various changes

Project w
riters have been successful in finding

m
any relationshilas for the children to explore.

T
he M

IN
N

E
M

A
ST

 treatm
ent of concepts dealing

w
ith m

easurem
ent, sets, sym

m
etry, slope,

den-
sity and system

s', as w
ell as.our developm

ent of
o

techniques for accurate observation and descrip-
tion, exem

plify areas that allow
 the children

to
uncover and exploit i terrelationships betw

een
the tw

o disciplines.

T
he chart on the follow

'
cipal concepts and skil
levels of the M

IN
N

E
M

be helpful to educators
the interm

ediate grade
use of w

hat M
IN

N
E

M
learned.

A
 m

ore detai
R

un T
hrough the M

IN
N

E
vided near the end of thi ng pages show

s the prin7.
s em

phasized at different
T

 C
urriculum

.
It should

in selecting m
aterials for

that build on and rrlake
T

 children have already
ed chart, "T

hreads T
hat

A
ST

 C
urriculum

, " is pro--
booklet on pp. 48 and 49.
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B
ecause M

IN
N

E
M

A
ST

 coordinated the teach-
ing of m

athem
atics w

ith the teaching of sc4 nce,
m

any of the objectives and m
ethods used w

ere
em

ployed in the teaching of both disciplines.
T

hese w
ere described in the preceding

pages.
B

ut, no doubt, educators w
ho specialize iri m

ath-
em

atics w
ill be m

ore interested in this section of
the docum

ent, w
hile science educators w

ill be
concentrating on the "Science T

ransitional State-
m

ent." B
ecause of the sim

ilarity of 6Y
rr M

IN
N

E
-

M
A

ST
, learning/teaching m

ode for both subjects,
there w

ill be som
e overlap in the inforrriation

pro-
vided.

H
ow

ever, for your convenience, w
e,are

reiterating here som
e fades particularly

as they
pertain to m

athem
atics.

In m
athem

atics, as in science, the M
IN

N
E

-
M

A
ST

 Project places great em
phasis on student

involvem
ent in the learning process.

T
he adage.

that "children learn by doing" has been taken
seriously and it has been 1.ept in m

ind all through
the preparation of the m

aterials.
A

s a result,
M

IN
N

E
M

A
ST

 students are, m
ore often than not,

actively engaged in the solution of som
e problem

'
that has been designed to have relevance for them

.
T

hey m
ay be attem

pting to predict the grow
th rate

of plants under various grow
ing conditions,

to
determ

ine the effect that tem
perature has on the

behavior of goldfish, or to explore the relation-
ship betw

een the w
eight and volum

e of various
substances. T

he quantification of such physical
phenom

ena is a pow
erful tool that m

an has de-
veloped to aid him

 to understand m
ore fully these

and num
erous other relationships that abound in

M
A

T
H

E
M

A
T

IC
S T

R
A

N
SIT

IO
N

PL
ST

A
T

E
M

E
N

T
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the w
orld.

T
he pow

er and utility of this tool is
established early in the program

.
T

hus there
evolves one of the m

ost im
portant, relationships

betw
een m

athem
atics and science, the

use of
m

athem
atics to describe and explicate the results

of scientific inquiry.
T

he developm
ent and im

-
plem

entation of this idea has played
no sm

allpart
in the developm

ent of the M
IN

N
E

M
A

ST
1naterials..

A
s a result, our students tend to view

 m
athem

at-
ics as both a'"living" subject having

great utility
and as a kind of 'gam

e w
hose pieces behave

in a
very predictable m

anner
adhering to rules w

inch
they have been instrum

ental in developing. T
his

is in contrast to the frequently held student view
of m

athem
atics as a set of rules to be m

em
orized

and applied under appropriate stim
uli.

Project
m

em
bers are hopeful that the m

athem
atics

program
chosen for M

IN
N

E
M

A
ST

 children in the interm
e-

diate grades w
ill have inherent in it m

uch of the
form

er em
phasis and little,

if any, of the latter.

W
ebster defines arithm

etic as "a branch of
m

athem
atics that deals w

ith real num
bers and

com
putations w

ith them
; i.e. com

putation, cal-
culation, " w

hile m
athem

atics is defined
as "the

science of num
bers and their operations, inter-

relations, com
binations, generalizations and ab-

stractions and of space configurations, configu-
rations and their structure, m

easurem
ent, trans-

form
ations and generalizations."

A
pplying this

definition, the M
IN

N
E

M
A

ST
 Project has been pri-

m
arily concerned w

ith the provision of
a m

athe-
m

atics program
 although arithm

etic im
plications

have not been ignored.



O
ur project staff believes that the prim

ary
grades are the tim

e for the im
plantation and

pre-
lim

inary developm
ent of appropriate m

ajor m
athe-

m
atical icleas,\ a tim

e for the child to experience
m

athem
atical concepts,

a tim
e to observe, tb

w
onder, to explore avenues of interest and

ap-
peal, a tim

e to be involved in the rudim
ents of

inductive thinking derived-ofrom
 experience w

ith
concrete m

edia.
A

ccordingly, w
e have placed

em
phasis on these areas rather than

on com
puta-

tion and drill.
T

he M
IN

N
E

M
PST

 Project has ,de-
voted its

,efforts to student understandings of
fundam

ental m
athem

atical (not m
erely arithm

eti-
cal) ideas.

T
he im

portance of com
putational fa-

cility is recognized, but it is felt that the devel-
opm

ent of these skills prior to the provision for
m

ultiple student opportunities to experience the
concepts in concrete form

 is unw
ise from

 both
a

m
athem

atical and .pedagogical view
poirit.

A
s a result of this philosophy, M

IN
N

E
M

A
ST

students have been exposed to elem
ents of

num
-

ber theory, set theory, E
udlidean and projective

geom
etry, transform

atfonal geom
etry and the in-

tuitive idea of a m
athem

atical function. B
esides,

M
IN

N
E

M
A

ST
 students through the' third

grade
level have w

orked w
ith m

ost of the arithm
etical

concepts found in traditional prim
ary m

athem
atics

program
s.

W
e believe that by pfbviding considerable

breadth in m
atheiaatics content and by continually

placing em
phasis on Jtudent discovery and

un-
derstanding of logical relationships, M

IN
N

E
M

A
ST

represents a closer approxim
ation to a true. m

ath-

C
O

orl

13
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em
atics curricula than the

vast m
ajority of pro-

gram
s available.-

In searching for
a reasonable

successor to its prim
ary m

athem
atics

program
 w

e
haie placed a high

priority on:
the suitability of included

topics relative to
continuation and

expansion of fundam
ental

concepts that M
IN

N
E

M
A

ST
 has

beguh to de-
velop

the degree to w
hich

student involvem
ent is

encouraged

the extent to w
hich

students are encouraged
to, discover and develop

m
athem

atical ideas
for them

selves

the degree of variation
of m

athem
aticaltopics

the precision w
ith w

hich
these topics are in-

troduced and developed
the degree of priority

given to the developm
ent

of com
putational facility.

R
ealizing its obligation

to provide specific
suggestions for the interm

ediate
grades that con-

tinue to deV
elop the m

athem
atical

ideas it has
begun, the M

IN
N

E
M

A
ST

Project has conducted
a-

careful exam
ination of the

m
ore popular m

athem
a-

tics .com
m

ercial text series.
T

he criteria stated
above have form

ed the
basis upon w

hich these
m

athem
atical program

s have been
evaluated.

A
s m

entioned previously,
the M

IN
N

E
M

A
ST

Project recognizes the im
portance

of student' in-
volvem

ent in ,learning
activities.

C
om

m
ensurate

w
ith this recognition

is our belief that children



should have the opportunity to develop ideas tra-
ditionally transm

itted by rote.
.Probably no pro-

gram
 has been successful in developing a totally

discovery-oriented program
, but M

IN
N

E
M

A
ST

-stu-
dents do have m

any opportunities toform
ulate-im

-
portant ideas for them

selves.

"D
evelopm

ent of insight through discovery, ".
"conceptual

approach em
phasizing discovery"

and "problem
-solving as discovery" ate typical

program
 descriptions found, in the introductory

pages of com
m

ercial text series. O
ur investiga-

tions have indicated that pupils are not involved
in true discovery activities to the extent that
such statem

ents suggest. D
iscovery is a lauda-

tory aim
 that is often m

inim
ized.

E
ditorial pres-

sures, standardized achievem
ent tests, as w

ell
asccincern for adm

inistrative and com
m

unity
anx-

iety, are factors that tend to lim
it severely the

,,production of a truly process oriented com
m

ercial
program

. In attem
pting to select m

aterials that
offer continuing problem

 - solving challenges w
ith

em
phasis on individual investigation and discov-

ery, M
IN

N
E

M
A

ST
 suggests three m

odels for your
consideration.

T
hese m

odels are recernm
ended

for use in G
rades 4 through 6 by children w

ho
have used M

IN
N

E
M

A
ST

 m
ater -rals through G

rade
3. Y

ou w
ill notice that each m

odel includes
sup-

plem
entary m

aterial from
 the, M

adison Project.
A

lthough supplem
entary, this m

aterial is consid-
ered an im

portant part of any of the three m
odels

w
e have proposed.'T

herefore a description of the
M

adison Project is provided, along viith
a list of

som
e of its m

aterials
, before the com

m
ercial text
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series are described. T
he three

m
odels w

e are
suggesting are listed here in alphabetical

order:
M

odel I

a) E
1'em

entary School M
athem

atics
A

ddison W
esley C

om
pany (1968)

b) M
adiSon-Project.(S.upplem

ental)
M

odel 2

a) Sets and
N

uM
bers

Singer C
om

pany (1968, 1969)

b) M
adison Project (Supplem

ental)
M

odel 3
'

a) 'SR
A

 E
lem

entary
M

athem
atics Program

Science R
esearch A

ssociatgs, Inc.
(1968, 1969)

b) M
adison Project (Supplem

ental)

W
e do not intend that:com

m
ercial

series not
m

entioned abcive should be
conspicuous by their

absende.
It is entirely possible that

com
m

ercial
m

aterials other than those nam
ed

w
ill be m

ore
in keeping w

ith local objectives.`
W

e w
ould en-

courage locals-currictilum
 com

m
ittees

to exam
ine

additional m
aterials to), determ

ine
w

hether or not
this is .the case.

T
he-M

IN
N

E
M

A
ST

 staff
is, obli-

, gated to state, how
ever, that the three textseries

M
entioned above w

ere not selected
at random

.
O

f all series exam
ined,

Singer, A
ddisontW

esley
and SR

A
 w

ere found to be the
m

ost consistent w
ith

the philosophy, aim
s, and the

teaching-learning
m

ode of the M
IN

N
E

M
A

ST
 program

--



M
IN

N
E

M
A

ST
 m

athem
ati&

al skills' and con-
cepts are listed, unit by unit, on pages 28 through

.
32. T

his fist can be used not only for assistance
.

-'in--determ
ining w

hich m
ath program

 to select for
the interm

ediate gr
also for selecting

individual M
IN

N
E

M
A

ST
 units to tea-ch-at-other

levels w
here it is felt there are certain gaps

---,-
the students' m

athem
atical education.

T
he list

can be helpful in,choosing units to include for
study in m

ath education courses, too.

T
he M

IN
N

E
M

A
ST

 Project w
as unable to locate

a com
m

ercial text series that fully reflects the
philosophy of m

athem
atical learning to w

hich it
subscribes.

T
herefbre, the desirability of sup-

plem
entary m

aterials w
as realized. T

he M
adison

Project m
aterials have been designed to supple:-

m
ent "(approxim

ately 40 m
inute's per w

eek) exist
ing m

athem
atics program

s at the interm
ediate

grade level.
T

he objectives of the M
adison Pi-o-

ject w
ere found to be largely consistent w

ith the
M

IN
N

E
M

A
ST

 philosophy from
 both a content and

pedagogical view
point. T

he M
adison Project

m
a-

terials are designed to allow
 schools to m

ake
cer-

tain m
odifications in their m

athem
atics

program
s.

T
he m

aterials can be used for the follow
ing

pur-
poses:
- to provide "a foundation lot- developing'a
program

 that unifies 'arithm
etic, algebra, geom

e-
try, and som

e science
- to shift the tone and em

phasis of the school's
program

 iw
ay from

'rote learning and tow
ard learn-

ing by processes

r.

N
.

SU
PPL

E
M

E
N

T
A

R
Y

M
A

T
E

R
IA

L
S17



to m
ove tow

ard a greateruse of physical m
a-

terials and m
ulti-sensory

experien.C
es in m

atheL
m

atics classes
to create greater

opportunities for sinall-group
w

ork and individualized instruction
to use ,a specific teaching

strategy based on
discussion of activities

the children, have
done

during an exploration
period

to create a m
ore

receptive environm
ent for

student initiative,,
especially w

here unexpected
(but correct)

responses are m
ade by students

to open the door
to a reconsideration

of the
grade-level placem

ent of
m

any topics
- to open the door to a non-graded

program
- 'to m

ake available the sim
plest

possible pro-
gram

 for students w
ho

are not experiencing-
StIC

,7
cess w

ith m
athem

atics
- to m

ake available a m
ore

sophisticated and
a

m
ore advanced m

athem
atics

program
 for those

students w
ho can benefit

from
 it.

B
esides the sim

ilarity in teaching
m

ethods
in the M

IN
N

E
M

A
ST

 and M
adison

Projects,
the

.specific topics developed in the
M

adison Project
m

aterials are a natural extension
of m

any threads
that the M

IN
N

E
M

A
ST

 Project has
initiated. A

lso,
the M

adison Project has
realized the necessity

in m
any instances of providing

specific instruc-
tional suggestions for

teachers not fam
iliar w

ith
the m

aterials.
A

n extensive teacher
in-service

program
 com

plete w
ith

film
s and teacher w

ork-
books accom

panies the
student m

aterials. T
hese

in-service m
aterials provide

detailed suggestions
and illustrations of the

w
ay in w

hich the student



m
aterial can be m

ost effectively, taught.
T

he.
M

adison Project greatly sim
plifies the problem

of
in-service teacher training by providing the basic
com

ponents of a com
plete instructional package

for both teacher and students.
In particular, the M

adison Pr O
ject's C

urric-
ulum

 (3
(B

eta) is recom
m

ended.
T

his curriculum
is m

ade up of a com
bination of lessons developed

by the M
adison Project, the E

lem
entary

Science
Study (E

SS) and the N
uffield Project of G

reat B
ri-

tain and by individuals such
as M

arion W
alter,

L
auren W

oodby, L
eonard Sealey, Z

. P. D
ienes,

E
dith B

iggs and- G
eoffrey M

atthew
s.

C
urriculum

 B
eta com

bines elem
ents of

car-
pentry,

social studies,
art and com

m
unication

skills w
ith m

athem
atics and science.

It is in-
tended. to reach a great diversity of children'and
appears to be able to do so.

C
ertain parts of C

urriculum
 B

eta can serve
quite different purposes because of. the variety
of its content.

T
he curriculum

 em
ploys units

'developed by the '.'M
adison Project (especially

those em
phasizing arithm

etic &
lid geom

etry)
as

w
ell as units. devised by other individuals and

groups.
Som

e of the borrow
ed m

aterials have
been m

odified; others are used just as they
are.

For those schools w
ishing an interm

ediate
level m

athem
atics program

 that is
a logical sue-,

cessor to the M
IN

N
E

M
A

ST
 m

aterials, the M
adi-

son Project is felt to be an essential elem
ent in

any transitional m
odel.

It is hoped that school
personnel responsible for this type of curricular
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decision w
ill seriously atternpt.to integrate

these
m

aterials w
ith w

hatever C
om

m
ercial

program
 is

ultim
ately adopted.

A
 m

uch m
ore com

plete description
of the

M
adison Project is provided in V

olum
es

I and II
of its Final R

eport, "M
odern

M
athem

atics Program
as it Pertains to the Interrelationship of ,M

athe-
m

atical C
onterft; T

eaching M
ethods

and C
lass-

room
 A

tm
osphere." H

ere w
e shall

content our-
selves w

ith adding only that
C

urriculum
 B

eta is
a non-text program

 using m
aterials from

a w
ide

variety of'sourdes. A
 partial H

itt of
the M

adiso
Project m

aterials follow
s.

(Selections -of supplem
entary

m
aterials should

be m
ade and ordered w

ell
in advance of the dates

they w
ill be needed.

For additional inform
ation,

w
rite to the addresses provided

in this list.)
T

he M
adison Project

.
9 18 Irving A

venue
Syracuse, N

ew
 Y

ork
1,3210

(T
elephone - A

rea C
ode 315, 476

- 3768 or 476 -`
554)

X
2336)

lA
ctual classroom

 lessons of
C

urriculuth B
eta

can be seen in the follow
ing film

s:
eom

etry V
ia C

oncrete O
bjects

luing and Stam
ping

U
sing G

eoboards w
ith Second G

raders
A

n Introduction to G
eom

etry via
N

ailboards
A

 Sixth-G
rade L

esson
on Place-V

alue aum
erals

T
he C

oncepts of V
olum

e and
A

rea
.

T
he C

las.sroom
 D

ivided into
Sm

all G
roups



C
ounting, V

olum
e and R

ation.41 A
pproxim

ations
Sm

all-G
roup Instruction

Signed N
um

bers, R
ational A

pproxim
ations, and

M
otion G

eom
etry

O
utdoor M

athem
atics

A
 L

esson w
ith Second G

raders
Second L

esson
G

uessing Functions
In-Service C

ourse
for T

eachers (com
bines

film
s and printed m

aterial)

In addition to the film
s, C

urriculum
 B

eta of-
fers units and devices of its ow

n, as w
ell

as
those borrow

erL
, or adapted from

 other sources.
N

ote the follow
ing typical' credits:

U
nits have been borrow

ed from
 the N

uffield
M

athem
atics Project;. M

irror C
ards and attri-,

bute blocks from
 E

SS; and Inform
al G

eom
etry

from
 M

arion W
alter. C

uisenaire rods
are also

used.

U
nits developed by L

eonard Sealey, such as
those on

pronouncing' and
w

riting
num

ber
nam

es ;are-
in connection w

ith D
ienes'

M
A

B
 blocks; and units

y
dith B

iggs, such
as that in w

hich geom
etric-shapes are classi-

fied by using an assortm
ent of

com
m

on card-
board boxes, are also used.
A

ew
ide variety of calculators is used.

T
hese

include desk types such
as the- L

agom
arsine,

the M
onroe, ten-key, full-lkeyboard, double-

keyboard (often used by statisticians), ,those
that print on paper strips, inexpensive plastic
ones., m

anuals and electrics;

C
..

2.'1
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L
auren W

oodby's O
utdoor M

athem
atics,

w
hich

em
phasizes m

easur'nm
en't, ratio

and proportion
is a part of C

urricull4m
 B

eta.

U
ses for D

ienes' M
A

B
 blocks, other

than -those
already m

entioned, are included.
B

eryl C
ochran's developm

ent of
place-value

num
erals by the use of beans,

tongue depres-
sors, and so on, is a part of the curriculum

.
Included is the sine-generating

m
achine de-

veloped by the C
am

bridge C
onference

on School
M

athem
atics during the sum

m
er of 1967.

T
he sim

ple rough study of periodic
functions,

such as tem
perature at various hours

of the day,
w

as suggested by Professor A
ndrew

 G
leason

of H
arvard U

niversity.
L

'
Publications

Inquiry in M
athem

atics via the G
eo-B

oard,
by

D
onald C

ohen.
(A

vailable' from
 W

alker C
o.,

720 Fifth A
venue, N

ew
 Y

ork,
N

. Y
.

100 r9.)
E

xplorations in M
athem

atics: A
T

ext
forT

each-
ers

E
xplorations in M

athem
atics: Student

D
iscus-

sion G
uide

D
iscovery in M

athem
atics: A

 T
extfor T

each-
ers

D
iscovery in M

athem
atics:

Student D
iscus-

sion G
uide

(A
ll by R

obert B
. D

avis.
A

vailable from
 A

ddi-
son-W

esley Publishing C
om

pany,
South Street,

R
eading

, M
assachusetts

01b67. )



I D
o and I U

nderstand
M

athem
atics B

egins
Pictorial R

epresentation
B

eginnings
C

om
putation and Structure

,
2, 3, 4

Shape and Size
1,,

2, 3
E

nvironm
ental G

eom
etry

Probability and Statistics
G

raphs L
eading to A

lgebra
Problem

s: G
reen Set and R

ed Set
(A

ll of the above
are products of the N

uffield
Project of G

reat B
ritain.

A
vailable in the

U
nited States from

 John W
iley and

Sons Pub-
lishing C

om
pany, 605 T

hird A
venue,

N
ew

 Y
ork,

N
. Y

.
10016.)

O
D

O
ther Film

s

T
hree film

s not produced by the M
adison Pro-

ject are also highly recom
m

ended for expressing
the m

athem
atical concepts ver>

 clearly and.
for

relating m
athem

atical ideas to other
areas of

study. T
hey are:

I D
o and I U

nderstand (A
vailable from

 R
adim

.
Film

s, 211 E
ast 43rd Street, N

ew
 Y

ork, N
. Y

.
10017.)

M
aths A

live (A
vailable from

 N
ational A

udio-
V

isual A
ids-L

ibrary,
2 Paxton Place, G

ypsy
R

oad, L
ondon, S. E

. 27, E
ngland.)

'C
lassroom

s in T
ransition (A

vailable from
 M

ary
L

ela Sherburne, E
ducation D

evelopm
ent C

enter,
Inc. ,

55 C
hapel Street, N

ew
ton, M

assachu-
setts

02158.)
23
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T
ext Series: E

lem
entary School M

athem
atics

A
ddison W

esley C
om

pany (1968)
A

uthors:
E

ich'oly, O
'D

affer

U
nusually w

ell illustrated
, the A

ddison W
es-

ley m
aterials represent perhaps the

m
ost com

plete
interm

ediate m
athem

atics
program

 that the M
IN

-
N

E
M

A
ST

 Project has exam
ined and found

to be an
acceptable successor to its prim

ary
m

aterials:
A

side from
 the Student T

exts
, this series contains

a m
athem

atical developm
ent of each topic cle-

signed for the teacher's use,
a suggested list of

supplem
entary m

aterials for each chapter,
objec-

tives for each lesson, suggestions for
the evalu-

ation of each chapter, a short list of
appropriate

supplem
entary books as w

ellas detailed sugges-
tions

for lesson presentation.
T

opics in the
fourth grade m

aterials that
are felt to be particu-

larlyappropriate include the geom
etry of the

circle
and three-dim

ensional geom
etric form

s,
estim

a=
tion,' m

easurem
ent, num

ber
theory, coordinate

geom
etry.

T
heir approach to rational num

bers
closely parallels that of the M

IN
N

E
M

A
ST

Project.
M

ultiple interpretations of m
athem

aticalconcepts
coupled w

ith suggestions for the
use of m

anipu-
lative m

aterials enhance the viability of
this pro-

6grani. T
he A

ddisonW
esley

Program
 provides both

a rich variety of activities and a sound m
athem

a-
tical approach.

T
he M

adison Project m
aterials

can provide tie additional am
ount of the 'kind

of
explorative activities w

e feel
are so essential to

effective m
athem

atical learnings.

C
2



T
ekt Series: Sets and

N
um

bers
Singer C

om
pany (1968, 1969)

T
he Singer C

om
pany Series, Sets and

N
um

-
bers, provides a M

athem
atical prO

grain
that can

be successfully adopted to succeed
the M

IN
N

E
-

M
A

ST
 K

-1 m
athem

atics curricula. T
he

authors of
Sets and N

um
bers recognize the need

for active
student participation in the learning

process and
have designed m

any
experiences accordingly.

A
n attem

pt has been m
ade

to shift the responsi-
) bility for learning from

 the teacher
to the sttudent.

Problem
 situations are som

etim
es

designed so
that the student is encouraged

to play a central
role in the developm

ent of
the m

athem
atical

ideas. T
he authors of Sets and

N
um

bers realize
that learning' takes M

ace from
the concrete to the

abstract.
T

w
o-dim

ensional m
odels

are exten-
sively used to provide the

concrete fram
ew

ork
from

 w
hich m

athem
atical ideas

can ultim
ately be

abstracted. M
ultiple em

bodim
ents

are suggested
for m

any of the concepts considered.
It is hoped

that schools adopting this
series w

ill attem
pt to

procure m
any of the m

anipulative aids depicted
in the textual m

aterials.

T
he M

IN
N

E
M

A
ST

 K
-3 m

athem
atics

program
.

has been concerned w
ith

m
any of the topics

treated in the 1-3 m
aterials of the

Singer Series.
M

IN
N

E
M

A
ST

 students
w

ill
therefore possess

m
any of the skills and concepts required for

suc-
25



cessful involvem
ent in the fourth

grade book of
the Sets and N

um
bers series. T

he
list of m

athe-
m

atical concepts and skills that
have been devel-

oped by the M
IN

N
E

M
A

ST
Project (pages 28 through

32) should be exam
ined carefully

so that discrep-
ancies -betw

een these and the Singer
C

om
pany

Series can be discovered.
T

ests w
ould be help-

ful in diagnosing
areas w

here additional activi-
ties could be used to advantage.

T
ests w

ould
also reveal' the extent to w

hich
suppleM

entary
activities m

ight be required.
v-4

T
ext Series: SR

A
 E

lem
entary

M
athem

atics Program
Science R

esearch A
ssociates,

Inc.
(19680. 1969)

C
om

m
itted

to variation of approach, the SR
A

Series generally presents
a single m

athem
atical

idea in a num
ber of different

contexts. R
ealizing

the im
portance'of the role that

visual and m
ani-

pulative m
aterials play in the

effective learning
of m

athem
atics, the

authors
have developed

M
ultim

edia M
anuals to correlate

w
ith each text.

26



,1.

A
lthoughthe m

aterials suggested do not represent
a com

plete picture of the breadth of m
aterials to

w
hich the M

IN
N

E
M

A
ST

 Project w
ould subscribe,

these it
gre certainly a step in the right

direction and they offer useful suggestions for
sensory activities in the m

athem
atics program

 at
three levels of ability (rem

edial,
average, en-

richm
ent). T

he teachers' editions
are quite thor-

ough from
 a pedagogical standpoint. T

hey offer
detailed suggeStions for appropriate m

ethods .of
presenting '19ssons.

T
he teachers' m

anuals do
not develop m

athem
atical ideas for the teacher

'beyond those suggested for
tne students.

In
general, the m

athem
atics is presented

as a care-
fully developed finis hed 'product and students

. are
seldom

 encouraged to develop their
ow

n, rules-and
procedures.

T
he topics considdred are

conven-
tional in nature but are presented in

a m
athem

a-
tically acceptable m

anner.
A

s indicated above,
students, are often given m

ultiple em
bodim

ents of
im

portant m
athem

atical concepts. C
oupled w

ith
the M

adison Project m
aterials,

w
e feel that the

SR
A

 Series can provide a sound m
athem

atical
program

 for children in the interm
ediate grades.



M
IN

N
E

M
A

ST
 M

A
T

H
E

M
A

T
IC

S SK
IL

L
S

A
N

D
 C

O
N

C
E

PT
S

K
indergarten

U
nit

I, W
atching and W

ondering
Introductory unit

no specific m
ath skills

U
nit

2, C
urves and Shapes

.
l

R
edognition of: curves

N
.

/sim
ple

non-sim
ple

open
N:closed

closed
/

pen
N

.1

regions and boundaries

includes circle, triangle,
square, rectangle

U
nit

3, D
escribing and C

lassifying
Placing objects in sets and subsets

according to
propertiell

D
efining sets by listing

E
quivalent sets

O
ne to one correspondence

Set com
parison (m

ore, few
er)

U
nit 4, U

sing O
ur

Senses
N

o specific m
ath skills

U
nit

5, Introducing M
easurem

ent
L

ength; com
parihg lengths, ordering,

reference object
A

rea: com
paring areas, superposition,

ordering
V

olum
e: com

paring volum
es, ordering

28
T

im
e: com

paring durations of
events



.1

U
nit

6, N
um

eration
O

rdering sets
E

quivalent sets
C

ounting
I

to 10
Introducing 0
N

U
m

erals 0 - 10

U
nit

7, Introducing Sym
m

etry
R

ecognition of:
rotational sym

m
etry; repeating patterns

, bilateral sym
m

etry

U
nit

8, O
bserving Properties

Intersection of sets.
G

rade I

U
nit

9, N
um

bers and C
ounting

O
ne to one correspondence (m

ore, few
er)

N
um

erals from
 0 to 20 (counting)

O
rdering w

ith sym
bols: <

, >
,

<
11

U
nit 10, D

escribing L
ocations

Introducing point, line, segm
ent, locations

N
am

ing of each of the above
Intersections of lines

..
U

sing a grid, betw
eenness, sim

ple m
aps

U
nit 11, Introducing A

ddition and Subtraction
A

ddition (1 digit by 1
digit), union-of sets ,' arrays

N
um

ber line, introducing sim
ple frabtions

N
um

eration, 0 - 100

U
nit 12, M

easurem
ent w

ith R
eference U

nits
C

om
paring lengths, ordering

M
easuring length w

ith. standard units such
as inches and centim

eters
Im

precision of m
easurem

ents
.

Perim
eters

29



G
rade 2

U
nit 12, C

ontinued
C

O
m

paring areas, superposition, reference
objects

D
istinguishing area from

 length
C

om
paring volum

es, 'displacem
ent, standard

units
C

om
paring, ordering and m

easuring durations

U
nit 13, Interpretations of A

ddition and
Subtraction

A
ddition and subtraction on num

ber line, slide
rule

Properties of addition and. subtraction, place
value, num

eration

U
nit N

ki
E

xploring Sym
m

etrical Patterns
R

oC
ational, translational and bilateral

sym
m

etries

U
nit

Investigating System
s

N
o specific m

athskills

U
nit I6, N

um
bers and M

easuring
O

rdering num
bers, objects

A
pproxim

ate nature of m
easurem

ents
Fractional units
C

ircum
ferences, diam

eters
T

-notation, place value
A

dding 2-digitnum
eralS

on slide rule
T

he abacus, num
erals through 999

B
ase 4 num

ization, R
om

an num
eral's

M
easuring w

eight

U
nit 17, Introducing M

ultiplication and D
ivision

M
ultiplication as tepeated addition

M
ultiplication on the num

ber line, on parallel num
ber lines

A
rrays

M
ultiplying 1

digit by ['digit
Introducing division by m

eans of 'sim
ple fractions

30
U

nit 18, Scaling and R
epresentation

M
ath-related m

easurem
ent, m

aps



U
nit 19, C

om
paring C

hanges
T

im
e - duration and clock reading

,r

Plotting ordered pairs and w
eight/volum

e data

U
nit 20, U

sing L
arger N

um
bers

Place value to 999
A

ll addition and. subtraction facts
Introducing addition and subtraction algorithm

s
E

stim
ation

U
nit 21, A

ngles and Space
Points lines

,
line segm

ents
R

ays; anglers
, angle m

easurem
ent w

ith clock protractor
Polygons: classifidation-by properties such.as num

ber of sides,
convexity'or concavity, regularit_y_or irregularity

Sim
ilar triangles, congruence

T
esselatiO

ns (distinguishing patterns)
Polyhedra (transition to 3-dim

ensional shapes)

U
nit 22, Parts and Pieces

D
istinguishing betw

een counting and am
ount

m
easures '

Fractional parts of objects and of sets
A

dding and subtracting fractions on the num
ber line

Fractions greater than I
,

m
ixed fractions

U
nit 23, C

ondition's A
ffecting L

ife
B

ar graphs, doordinate graphs
Interpreting graphs

U
nit 24, C

hange and C
alculation

,
C

om
plete addition and subtraction algorithm

-s
Place value w

ithout lim
it' (T

 - notation)
G

raphing ordered pairs

U
nit 25, M

ultiplication and M
otion

G
raphing ordered pairs (tim

e/distance relations)

G
rade 331



U
nit 25, C

ontinued
.Interpreting graphs
R

eview
 of m

ultiplication
as repeated addition, as arrays,

as C
artesian products

M
ultiplication using a graph w

ith lines of
certain slope

U
nderstanding m

otion as the relation
betw

een tim
e and distance (evident

in
the slope of a graph)

U
nit 26, W

hat A
re T

hings M
ade O

f?
G

raphing volum
e /w

eight relations
Interpreting graphs
M

odel building of regular polygons
for angle m

easurem
ent

T
ransition from

 clock protractor to standard
protractor

U
nit 27,. N

um
bers and their

Properties
D

eveloping standard m
ultiplication

algorithm
 for m

ultiplying I- and
2-digit

num
bers in colum

n form
Practice w

ith basic m
ultiplication fapts

U
nit 28, M

apping the G
lobe

'.M
easurem

ent of area, angles, length
M

odel building
Properties of transform

ations

U
nit 29, N

atural System
s

R
ecognizing patterns and sym

m
etries

32



It has been stated that the aim
 of the M

IN
-

N
E

M
A

ST
 Project is to exploit the interrelated na-

ture of m
athem

atics and science in a w
ay that

helps children understand the quantitative nature
of observed phenom

ena. W
e believe that through

this approach youngsters w
ill learn about their

environm
ent and w

ill also learn to recognize pat-
terns, regularities and uniform

ities in the envi-
ronm

ent.
T

his is im
portant because understand-

ings based on his ow
n observations and data can

help the child m
ake valid predictions. T

he M
IN

-
N

E
M

A
ST

 PrograM
 presents the study of science

as both know
ledge of the environm

ent .and skills
in eliciting answ

ers from
 -it. T

he children inves-
tigate :

series of carefully planned science prob-
lem

s,
gain, understan'ding of each problem

 and'
learn procedures for problem

 solving
.

W
e believe

that this m
ethod of teaching science is consistent

w
ith m

uch of the contem
porary research related

to learning.
It goes beyond the acquisition of

facts tow
ard the developm

ent of useful, lifelong
attitudes about the endeavor of m

an that is called
"active scientific investigation."

A
's an outcom

e of this approach, w
e believe

students gain a clearer understanding of w
hat

learning is and m
ake this a part of their behavior

pattern.
It is then incum

bent on-the teacher,
principal and curriculum

 director to recognize the
existence of this carefully nurtured problem

-solv-
ing potential in children w

ho have used the M
IN

-
N

E
M

A
ST

 m
aterial. M

aterials for G
rades 4, 5 and

6 should offer continuing problem
-solving chal-

lenges and pedagogic 'skills should be used to
expand this ability.
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G
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W
e w

ould hope that a curriculum
 selected

to follow
 the M

IN
N

E
M

A
ST

 Program
 w

ould be
one

com
plem

entary to theteaching-learning m
ode al-

ready established. W
e w

ould hope that the
pro-

gram
 w

ould provide continuing opportunities for
youngsters .,to

investigate and discover. W
e

w
ould hope that the selected program

 w
ould pre-'

sent topics as open-ended, investigative, and
quantitatively designed.

T
he M

IN
N

E
M

A
ST

 K
-3 m

aterials provide
an

adequate background of inform
ation and skills

so
that the follow

ing transition illustrations should
present few

, if -any, science transition problem
s

.
T

he sugge'sted program
s are representative of

a
w

ide range frorri w
hich schools

can m
ake selec-

tions. T
here is no program

 existing today, other
than M

IN
N

E
M

A
ST

,' that provides
a coordinated

approach to m
athem

atics and science. 'W
e be-

,
,lieve that w

ithin a few
years such program

s w
ill

be developed and published. U
ntil that tim

e, the
teacher m

ust look to program
s that offer

strong
possibilities for investigation and quantification.

From
 a survey of m

any com
m

ercial
science

program
s,

it
becorries evident that provisions

have been m
ade in alm

ost
all cases. for the de-

velopm
ent of a teaching-learning m

ode
that, at

the discretiO
n of the teacher, C

all
range from

textbook reading and occasional
end-of-chapter

questions to active involvem
ent of students

in
the m

anifold operatidns of science.
T

hese in-
clude apparatus- m

anipulation, problem
 solving,

question-asking and individual and
group science

activities and investigations.



7,,f- 11;t1

C
onsider -the w

idely used text series, C
on-

cepts in Science, as an exam
ple of com

m
ercial

,m
aterials that m

ight be used.
T

he books-can be
read and end-of-chapter questions can be

an-
sw

ered by the children; or the books can serve
as the nucleus for an active, investigative sci-
ence program

.
T

he several skills expected of
youngsters'(instrum

ent reading, graph interpreta-
tion, equipm

ent m
anipulation and som

e under-
standing of sam

pling_ procedures) have beer ade-
quately developed in the coordinated activities
of the M

IN
N

E
M

A
ST

 Program
.

C
oncepts in Sci-

ence, for exam
ple, offers a related set of equip-

m
ent packages for individU

al and group experi-
m

entation, has a related collection of film
s and

film
 strips, and includes a package that provides

suggestions for independent investigations. T
he

teacher can organize -and develop the, suggested
activities in such a w

ay that quantitative rela-
tionships are perceived, and a quantitative ap-
proach to the teaching of science_ is continued
even though the book-dem

ands for quantification
_m

ay. be n.inim
al or absent. T

his series w
ill be

,m
entioned again as specific transition m

odels
are discussed.

A
 second kind of elem

entary science program
has been produced in this:idO

untry in the past ten
years. T

his kind eniphagizeda quantitative ap-
proach to the understanding of natural phenom

ena
activity program

s that involve a w
ide and excit-

ing variety of investigatfons,, and-thaC
consider

science as m
uch a,w

ay dr Prockss of finding out
as it is a collection of facts representing a sur-
vey of parts of the vast body of know

ledge called



SC
IE

N
C

E
 T

R
A

N
SIT

IO
N

C
R
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E

R
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science. Im
pliC

it in each of these
program

s is a
developm

ent' schem
e that reduces the

extent of
the survey, and uses a sm

aller num
ber ofselected

topics to develop a depth of know
ledge

through
active participation in investigative

activities by
students.' Program

s that follow
 this,pattern in-

clude SC
IS (Science

C
urriculum

Im
provem

ent
Study), E

SS (E
lem

entary Sciehge Study),
SA

PA
(Science A

 Process A
pproach, developed

by the
A

m
erican A

ssociation for the A
dvancem

ent of Sci-
ence), and a collection of

m
athem

atics-oriented
m

aterials called
M

easure and Find O
ut

(Scott,
Foresm

an and C
o.).

In assessing science program
s for continuity

of the principles used in M
IN

N
E

M
A

ST
and evi-

dence of a teaching-learning m
ode

in w
hich stu-

dents have developed com
petencies, these

fac-
tors w

ere the prim
e considerations:

O
pen-endedness

.
D

esirable lessons are those
that set the stage for the children

to find their
ow

n answ
ers., T

his is in contrast to lessons
that consistently present' facts and

do little
m

ore than support these facts w
ith illustrations

and the printed version of other
people's

reasoning.
A

ctive involvem
ent of the students.

R
esearch

evidence substantiates 'the need for
children

to be involved in doing operations. T
he

abil-
ity to ask useful questions, to think

of w
ays

to answ
er these questiO

ns
, to design and don -

duct, experim
ents and to

collect data and
assess its m

eaning, is, w
e believe,

as m
uch



a purpose of science teaching as is the learn-
ing of facts.
Q

uantitative idea developm
ent.

T
he m

athe-
m

atics that children learn should be used
as a

tool in their investigative activities.

Inquisitive' attitudes.
It is only w

hen the
child discovers that he

can do som
ething,

succeed at it, and find out for him
self

that
he can build an "I can do" attitude.

Failure
is often the alternative w

hen
a child does not

know
 how

 to learn and has notexperienced the
exhilaration of finding things

out for him
self.

D
epth vs. breadth.

C
ontent that represents a

selected collection of conceptual schem
es de-

veloped in depth, as contrasted w
ith shallow

surveys of a m
ultitude of topics

,
is the final

criterion on w
hich w

e feel decisions
can best

be m
ade.

Schools that are just beginning
to use the

C
H

O
IC

E
S O

F
M

IN
N

E
M

A
ST

 C
urriculum

 w
ill have

certain free-
M

O
D

E
L

S
dom

s of choice in their K
- 6 program

 develop-
m

ent not enjoyed by those already
using it

Fore
each, general and specific

suggestions for tran-,
sition procedures are offered

for guidance pur-
pose.For schools planning to use M

IN
N

E
M

A
ST

m
a-

terials in G
rades K

- 3, there are flexibilities and
alternatives. In particular, the third grade M

IN
-

N
E

M
A

ST
 m

aterials
can lie stretched into G

rade 4
,

and portions of the selected
successorcan be

introduced in G
rade 3.
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T
he independent science packages

of the E
SS

Program
 represent the first chbice

of M
IN

N
E

M
A

ST
in science transition m

aterials.
It is suggested

that several of the E
SS units

be inserted during
G

rade 3, and the M
IN

N
E

M
A

ST
Program

 be extended
into G

rade 4. A
 second procedure

involves the
use of the M

easure and Find O
ut

m
aterials.

T
hrough judiciously com

bining
the M

easure and
Find O

ut program
 and selected

E
SS units, a bal-

aribed program
 that

satisfies transition criteria
as stated can be developed.

A
 second m

odel involves the
use of one or

m
ore com

m
ercial text series.

C
ertain problem

s
arise having to do w

ith teaching
m

ode and m
ate-

rial appropriateness for students
in the interm

e-
diate grades. T

hree com
m

ercial
program

s illus-
trate transition m

odels that
can satisfy transition

criteria. T
hose included

as illustralive are C
on-

cepts in Science, E
xperiences

in Science and
Science T

hrough D
iscovery.

W
e feel that w

hen
com

m
ercial series pare selected

it w
ould be ap-

propriate to-om
it certain selections

that do not
lend them

selves to concrete
activities, and to

substitute activities from
 E

SS`units,
M

easure and
Find O

ut or others specified
in the illustrations.

W
e suggest such alterations only

after consider-
ation of the m

aterials and of the
learning patterns

of the children. T
hese suggestions

are m
ade w

ith
reference to research in learning,

and this pro-
ject's extensive experience w

ith
m

aterials in
classroom

s'. C
hildren in the interm

ediate
grades

are in the learning period designated by
Piaget as

"concrete. " T
he im

plications of
the research of



Piaget and co-w
orkers have been interpreted. by

the M
IN

N
E

M
A

ST
 Project as supportive of

a sci-
ence program

 that provides ,continuing m
anipula-

tive and investigative activities by students.
U

nits T
hat require active involvem

ert
should be

given preference overthose treated in
a vicarious

reading and discuss_ion form
at.

Further, certain
concepts require form

al intellectualization.
A

c-
cording to Piaget, m

any children in the interm
edi-

ate grades are not m
ature enough for form

aloper-
ations. T

hese concepts-efid,conceptual schem
es

cannot be handled in a m
ode even approaching

experim
ent or investigation.

FO
nthis reason the

illustrations suggest only m
inim

al treatm
ent of

m
olecular theory and the fundam

entalparticulate
nature of m

atter.
In their place w

e suggest the
use of such E

SS units as K
itchen Physics, G

ases
and A

irs and M
ystery Pow

ders. T
here

is a second
reason for reducing em

phasis on the developm
ent

of concepts related to theories of
the particulate

nature of m
atter:

w
hen som

e of these students
are in junior high, they w

ill be able
to operate

on inform
ation in a form

al w
ay.

A
t this tim

e, a-
m

ong program
s available, schools

m
ay select one

called
"Interm

ediate Physical Science"
(IPg)

.
C

oncepts of the particulate nature of
m

atter are
developed through a carefully planned

series of
experiences and activities. T

he student
is given

a chance to develop and consider general infer-
ences about the nature of m

atter and is led through
a historical-logical developm

ent of atom
ic theory.

T
he aim

s of the IPS program
,

w
hich include

treating the learner as an active
investigator,

w
ould be difficult to achieve if

through prem
a-
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40

ture telling w
ithout the benefit

of investigation
-,-

the answ
er w

ere given before
the question w

as
asked.T

his sam
e om

ission policy
is suggested for

such topics as tree farm
ing

and m
olecular gene-

tics.
T

he im
portance of the topic

is, again, not
being questioned. W

e w
ould

recom
m

end substi-
tution of such E

SS units
as B

rine Shrim
p and

Sm
all T

hings or one of the genetics:
units devel-

oped at W
ebster C

ollege (W
IM

SA
Project) entitled

"O
n the Fly" and "E

ven Flies
R

em
e 1-..ber. "

M
any of the units of the

com
m

ercial text
series deal w

ith topics that
can .be handled in a

quantitative, investigative m
ode. It

w
ill be nec-

essary for the teacher to go beyond the
text les-

sons in som
e cases.

T
hese units, for exam

ple,
are treated in a straightforw

ard, descriptive
m

an-
ner: Path of the M

oon, Stars and
M

achines. In
each, m

easurem
ents

can be m
ade by youngsters

and investigations can be conducted.
T

he Illi-
nois A

stronom
y Project also iias

units that w
ould

provide the teacher w
ith

m
any suggestions for

m
aking m

easurem
ents and treating

astronom
ical

topics in a quantitative, -investigative m
odd.

Schools planning to use SA
PA

or SC
IS should

use these program
s in their entirety (K

- 6).
In

general, both of these
program

s have been de-
signed to provide a unified and

com
prehensive

sequence of science experiences for
elem

entary
children.

It is possible that certain som
ew

hat
independent M

IN
N

E
M

A
ST

 units ,-such
as those on

sym
m

etry, w
ould offer schools

an opportunity to
tailor program

s to their specific
needs. L

iving



T
hings in Field and C

lassroom
, the M

IN
N

E
M

A
ST

H
andbook, is highly recom

m
ended as a valuable

addition to any elem
entary science program

 that
is selected.

T
he follow

ing five m
odels represent, in the

opinion of this author, acceptable transitional
procedures. T

hey are intended to illustrate the
M

any w
ays schools, using m

aterials appropriate
to their philosophy, can capitalize on the inves-
tigative strengths that ,have been developed in
children through M

IN
N

E
M

A
ST

 Program
 activities.

T
he m

odels are intentionally terse, for w
e believe

that the best program
s are developed w

hen con-
cerned, know

ledgeable teachers, subject m
atter

specialists, 'psychologists and children all w
ork

together to share ideas and build program
s.

T
ransition m

odels
I.

T
he E

SS Program
2.

M
easure and Find O

ut and E
SS

3.
C

oncepts in Science and selected insertions
4.

Science.:through D
iscovery and selected in-

sertions
5'.

E
xperiences in Science and selected inser-

tions
M

odel It
T

he E
SS Program
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M
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raw
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ill

G
rade 3

M
IN

N
E
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A

ST
 U

nit 23
C
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ife
E

SS
L

ight and Shadow
s

M
IN

N
E
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A

ST
 U
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W

hat are T
hings M

ade
O
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E

SS
M

ystery Pow
ders
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E
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M
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E
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E
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E
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M
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N

N
E
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A

ST
 H

andbook L
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lassroom

G
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E
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B
ehavibr of E
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E
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E
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itchen Physics

E
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Senior B
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E
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C
olored Solutions

M
IN

N
E

M
A

ST
 H

andbook L
iving T

hings
in Field and

C
lassroom

.
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E
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.
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M
IN

N
E

M
A
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M

FO
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M

IN
N

E
M

A
ST

 U
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M
FO
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M
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M
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ook I

M
IN

N
E

M
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 U
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M

IN
N
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M
IN

N
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 U
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M

IN
N

E
M

A
ST

 H
andbook

G
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M
IN

N
E

M
A
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ffecting L
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I
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hings M
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O
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ctivities 18
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L
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N
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G
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hapter
.7; W

ater and its Pol-
lution, B

ook 6, C
hapters

6 and 7 '(A
ir Pollution

and
E

cology) and the
M
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M
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Perhaps one of the m

ost
significant contributions

that the M
IN

N
E

M
A

ST
Project has m

ade to educa-
tion is that its curriculum

.dem
onstrates

the fea-
sibility and advantages of

coordinating the teach-
ing' of m

athem
atics and

science.
A

t any rate,
present interpstin such coordination

is high. T
he

authors believe that w
hen sufficient

federal funds
are again available for this

purpose, significant
am

ounts w
ill be allocated to the

developm
ent of

coordinated curricula.

A
t present there are tw

o
projects concerned w

ith
the integration of m

athem
atics

and science. Y
ou

m
ay w

ish to keep abreast of the
m

aterials they
are producing:

U
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E
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nified Science
and M

athem
atics in the

E
lem

entary School) Project
E

ducation D
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ent C
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55 C
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N
ew

ton, M
assachusetts

N
U

FFIE
L
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 Project of G

reat
B
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M

aterials are handled in the
U

nited States by:
John W

iley and Sons Publishing
C
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pany
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venue
N

ew
 Y

ork, N
ew

 Y
ork

10016


